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Charge-discharge mechanisms of Li3V2(PO4)3 cathode materials in  
Li-batteries - studied by operando PXD. 
In situ synchrotron radiation X-ray diffraction 
Multiprobe tool 
Simultaneous structural and 
electrochemical information 
  • How does the structure change 
during charge and discharge? 
• What is the ion insertion and 
extraction mechanism? 
• Is this the same during charge 
and discharge?  
Introduction 
Rechargeable Li-ion batteries are widely recognized as an enabling technology for electrochemical energy storage in applications ranging from small 
portable electronics over electric vehicles to grid-scale electricity storage1. However, Li-ion batteries still face challenges in terms of their safety, cost, 
energy density and rate performance. Herein lie the demand for new electrode materials that can provide the required battery properties. Monoclinic 
Li3V2(PO4)3 (LVP) is a well-known candidate as a cathode material in rechargeable Li-batteries, showing good cyclic stability, high operating potential 
and high theoretical capacity (197 mAh g-1) . The material exhibits distinct potential plateaus during Li-extraction for the crystallographic distinct 
lithium ions, which is typically a sign of a multiphase system where each phase determines the potential2. In this work, we wished to explore the 
following: 
• Is it possible to correlate the features seen in the charge/discharge curves with changes in the crystal structure of LVP? Is operando synchrotron PXD 
a suitable tool in this investigation? 
• Changes in the used potential window are known to significantly influence the performance of the battery. Can these observations be explained in 
terms of structural changes? 
Synthesis 
LVP is made using a standard sol-gel synthesis technique, designed to produce particles in the 
nanometer range3. After ballmilling the product, BET revealed a particle size of roughly 50 nm. 32 𝐿𝐿𝐿𝐿2𝐶𝐶𝐶𝐶3 + 𝑉𝑉2𝐶𝐶5 + 3𝑁𝑁𝐻𝐻4𝐻𝐻2𝑃𝑃𝐶𝐶4 𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑎𝑎𝑖𝑖𝑖𝑖𝑎𝑎, 𝐻𝐻2𝑂𝑂 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑠𝑠𝐵𝐵𝑠𝑠𝑠𝑠𝑠𝑠𝐿𝐿𝐵𝐵𝐵𝐵 80 °𝐶𝐶,30 𝑚𝑚𝑖𝑖𝑚𝑚 𝐵𝐵𝑠𝑠𝑠𝑠𝐵𝐵 𝑠𝑠𝐵𝐵𝑠𝑠𝑠𝑠𝑠𝑠𝐿𝐿𝐵𝐵𝐵𝐵 
𝑂𝑂𝑣𝑣𝑣𝑣𝑚𝑚, 80°𝐶𝐶, 3 𝑎𝑎𝑎𝑎𝑑𝑑𝑑𝑑  𝐺𝐺𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑥𝑥𝐵𝐵𝐵𝐵𝐵𝐵𝑥𝑥𝐵𝐵𝑠𝑠 𝑇𝑇𝑢𝑢𝑢𝑢𝑣𝑣 𝑓𝑓𝑢𝑢𝑖𝑖𝑚𝑚𝑎𝑎𝑖𝑖𝑣𝑣,300°𝐶𝐶,4ℎ 𝑇𝑇𝑢𝑢𝑢𝑢𝑣𝑣 𝑓𝑓𝑢𝑢𝑖𝑖𝑚𝑚𝑎𝑎𝑖𝑖𝑣𝑣,750°𝐶𝐶,4ℎ  𝑃𝑃𝐵𝐵𝐵𝐵𝑃𝑃𝑠𝑠𝑃𝑃𝑠𝑠 
Figure 2: Pictures of the green xerogel, before high-
temperature calcination. 
Figure 3: The monoclinic structure of 
Li3V2(PO4)3 (LVP)2.  
Experimental 
The operando synchrotron measurements were conducted at I711, MAXLAB, 
Lund, Sweden. A specially designed battery sample holder was used, which 
allowed for irradiation of the cathode pellet while keeping the exposure of 
the other cell components to a minimum. The measurements are divided 
into two groups: 
 
• Charging to 4.5V followed by a discharge to 2.5V. 
• Charging to 4.8V followed by a discharge to 2.5V. 
 
When charging to 4.5V, only two lithium ions are extracted from LVP. When 
charging to 4.8V, all three lithium ions are extracted2.  
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Figure 4: Specialized battery test cell 
for in-situ synchrotron measurements Up to 4.5𝑉𝑉:  𝐿𝐿𝐿𝐿3𝑉𝑉2 𝑃𝑃𝐶𝐶4 3 → 𝐿𝐿𝐿𝐿𝑉𝑉2 𝑃𝑃𝐶𝐶4 3 + 2𝐿𝐿𝐿𝐿+ + 2𝐵𝐵− 
 
 Up to 4.8𝑉𝑉:  𝐿𝐿𝐿𝐿3𝑉𝑉2 𝑃𝑃𝐶𝐶4 3 → 𝑉𝑉2 𝑃𝑃𝐶𝐶4 3 + 3𝐿𝐿𝐿𝐿+ + 3𝐵𝐵− 
 
Results and Discussion 
Overview SR-PXD data plots for  
samples charged to 4.5V and 4.8V, 
respectively, are shown in Figure 5, 
and the Rietveld refined cell volumes 
as function of Li-content, x and 
voltage are shown in Figure 6.  
 
Charging to 4.5V: Two-phase 
behavior during both charging and 
discharging,  
 
Charging to 4.8V: Single phase solid 
solution behavior during discharge.  
 
Extracting all three lithium ions 
seems to induce disorder in the 
system, which is likely responsible for 
the featureless discharge curve4. 
Hence, extracting all Li-ions leads to 
significant charge-discharge  
hysteresis both electrochemically and 
structurally   
Figure 5: Overview SR-PXD plots for the obtained diffractograms as a 
function of x. Top: Diffraction patterns for sample charged to 4.5V. 
Bottom Diffraction patterns for a sample charged to 4.8V. 
Figure 6: Rietveld refined cell volumes as a function of Li-content, x. Charge and 
discharge curves are also shown. Top: A sample charged to 4.5V. Bottom: A sample 
charged to 4.8V. The diffractograms were refined using a single phase. Diffractograms 
which likely consisted of two phases were not refined, and are indicated in the graphs 
with spheres.  
Figure 1: Illustration of a lithium ion 
battery during operation, using a 
graphite anode and an intercalation 
cathode. 
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